INTRODUCTION
============

Lead exposure remains a major public health problem, especially in developing countries, whereas regulations and policies are missing.^[@R1]^ In Africa, children, especially those living in the vicinity of industrial areas, are exposed to the highest levels of lead from different sources, such as petrol, lead released by burning of paper products, discarded rubber, battery casings, and painted wood for cooking and heating.^[@R2]^ Children are more at risk than adults to the toxic effects of lead. This correlates with their ability to walk, their hand-mouth behavior, and spending more time on dusty floors.^[@R3]^ Also, physiological functions of their blood--brain barrier and liver detoxification systems are biologically immature.^[@R4]^

Childhood lead toxicity presents a great challenge for health care providers.^[@R5]^ During the last 40 years, the Centers for Disease Control and Prevention (CDC) have taken down the threshold for blood lead levels (BLLs) in children from 60 to 10 μg/dL.^[@R6]^ Recent data have shown that there is no cutoff value for elevated BLLs, and even children with blood lead concentration \<10 μg/dL are at risk for reduced cognitive development and functioning.^[@R7]^ Consequently, the CDC eliminated the terminology "level of concern."^[@R8]^ Therefore, the present study aimed to asses childhood lead exposure in a representative sample of Cairo, and to investigate the possible risk factors and sources of exposure.

METHODOLOGY
===========

Study Design and Setting
------------------------

We used a community-based, cross-sectional survey design, with a convenience sample collected from the city of Cairo, the main sector of Greater Cairo, between November 2014 and April 2015. A team of 2 professional epidemiologists, 2 undergraduate medical students, trained social worker, and 1 laboratory technician participated in the selection of sites and data collection for the study.

The city of Cairo is located on the east bank of the Nile, extending south to Helwan, north to Shubra, and northeast to Heliopolis and Nasr City. The estimated population is 7,800,000 with 1,7600,016 school students studying in 3281 schools. To ensure a comprehensive coverage of the entire area of Cairo, we aimed to recruit 400 children aged 6 to 18 years from 4 different entities during the study period. The sampled population was categorized into 4 groups, 100 for each. The Group I was collected from Old Cairo district that lies 50 to 100 m away from the highway (Nile Corniche) and characterized by the moderate living standard.^[@R9]^ The Group II was recruited from Manshiyat Naser which is considered one of the biggest slum settlements in Cairo Governorate. It is located at the base of "Mokattam hill"; so it contains some dangerous areas because of collapsing in hillsides. It is famous for "Garbage Area" as its economy is based on collecting and recycling garbage.^[@R10]^ The sample of the Group III (School group) was collected from different schools of the city of Cairo. Four schools were chosen by simple random sampling to represent urban and suburban students. These children present different types of schools; either government or private. The Group IV (Workshop group) was selected from 6 occupations namely automobile repair, car batteries, smelters, radiators, pottery workshops, as well as garbage collection. For inclusion in the study as a worker, the child was granted for that work, or if the yield of this work was bound for the market.^[@R11]^

Children who had major health disorders, chronic illness associated with anemia, and neuropsychological changes were excluded from the study.

Questionnaire
-------------

Data were collected using a pretested, structured interview questionnaire at a household level. Children\'s guardians were asked about sociodemographic characteristics, daily activities, and potential environmental and household sources of exposure to lead (e.g., child working, parental occupation, water drinking sources, dwelling, and basic housing conditions such as house painting and plumbing pipes). In our study, painting was considered "old" if it was ≥25-year old and "recent" if it was \<25-year old.

After designing the questionnaire, we conducted a small-scale pilot study in 2 Cairo\'s subdistricts. After this pretest, the questionnaire was modified (the content of some questions was changed). The questionnaire was created originally in Arabic and later translated into English.

Laboratory Analysis
-------------------

Blood samples of approximately 10 milliliter (mL) were drawn from each participating child to measure blood lead and complete blood picture (CBC). All materials used were new and disposable. The blood sample was split into 2 separate pipes for each participant, lead-free and containing ethylenediaminetetraacetic acid (EDTA) as an anticoagulant. During the sampling, all samples were kept in coolers with ice packs. One of the tubes of each participant was immediately transported to a local laboratory for CBC analysis. The other tube was transported to the Occupational Health Department Laboratory at Cairo University to determine lead levels. Concentrations of blood lead were determined through atomic absorption spectroscopy using the method described by Subramanian with matrix modifiers (DMH-Triton X-100 in nitric acid at 0.2%). The equipment used was a 3110 Perkin Elmer spectrometer with a graphite furnace .^[@R12]^ Quality control (QC) measures included analysis of initial calibration verification standard, procedural blanks, duplicate samples, spiked samples, and analysis of a certified reference material (National Institute of Standards and Technology Standard Reference Material (NISTSRM) 955b: bovine blood for lead) to monitor for contamination, accuracy, and recovery rates. Recovery rates for lead in QC and spiked samples were 90% to 115%, and the precision was measured as % relative standard deviation (SD), with a result of less than 5% for lead. The limits of detection for lead were 0.2 μg/dL. The results were given as the average of 5 replicate measurements.

Environmental Assessment of Lead
--------------------------------

Samples collected from the environment of the study areas were analyzed for lead level. Drinking water samples were taken from tap water for detection of lead level using the atomic absorption spectrophotometer (Graphite Furnace, Perkin Elmer HGA-600, Waltham, Massachusetts), a 1 L from each source. Dust samples were gathered from 1 square feet (sq ft) indoor and outdoor using dust wipes. Superficial soil was sampled from the residential area of the study as well as playground of each sampled school not exceeding 2 cm according to recommendations of CDC.^[@R13],[@R14]^ Dust, soil, and paint lead levels were determined by atomic absorption spectroscopy.^[@R15]^ In terms of setting, we collected a limited number of air, water, and soil samples from workshop areas. We started from the interior of the source point and at different distances (30, 60, 90, and 120 m), following an enlarging circumferential pattern.

Guidelines, recommendations, and standard operating procedures for sample collection, preparation, and analysis were being followed. All environmental samples were gathered from homes corresponding to those children with the BLL levels ≥5 μg/dL and analyzed in the National Research Institute Laboratory, Dokky, Cairo, Egypt.

All study participants were volunteers. Ethical approval was obtained from the Institutional Review Board (IRB) of the New Children\'s Hospital (Abou el Reesh), Paediatric Specialized Hospital of Cairo University before the study started. Informed consent was obtained from all parents or children\'s legal guardians before they were enrolled in the study. Verbal assent was obtained from patients ≥7 years. The study objectives and procedures were explained and guardians were reassured about the confidentiality of the study data.

No cases of acute lead poisoning were reported during the study period. All subjects with BLL ≥5 μg/dL (n = 208) were thoroughly examined and evaluated for manifestations of lead toxicity. Children with BLL ≥20 μg/dL (n = 116) were referred to Toxicology Center, Kasr-el-Aini Hospital for proper assessment and treatment. The results of these analyses and treatment are presented elsewhere.

Statistical Analysis
--------------------

Data were statistically described in terms of mean ± standard deviation (± SD), median and range, or frequencies (number of cases) and percentages when appropriate. Comparison of numerical variables between the study groups was done using the Student *t* test for independent samples in comparing 2 groups when normally distributed and Mann Whitney *U* test for independent samples when not normally distributed. Comparison of normally distributed numerical variables between more than 2 groups was done using Kruskal Wallis test. For comparing categorical data, *χ*^2^ test was performed. Exact test was used instead when the expected frequency is less than 5. *P* values less than 0.05 were considered statistically significant. All statistical calculations were done using computer program SPSS (Statistical Package for the Social Science; SPSS Inc, Chicago, IL) release 15 for Microsoft Windows (2006).

RESULTS
=======

In the initial phase of the study, it became apparent that the workshop children should be separately assessed to delineate the risk and potential sources of lead exposure.

Sociodemographic characteristics of the study participants are shown in Table [1](#T1){ref-type="table"}. Over half of the studied children were boys (60.5%), with girls accounting for the remaining 39.5%, giving a male-to-female ratio of 1.5:1. The children\'s mean age was 10.2 years (SD = 3). The group of children aged 6 to 11 years and the other group aged 12 to 19 years, were almost equally represented (49.7%, 50.3%, respectively). The majority of children\'s fathers were smokers (61%, n = 244), predominantly in the workers' sample (Table [1](#T1){ref-type="table"}).

###### 

Sociodemographic Characteristics of the Participants
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Table [2](#T2){ref-type="table"} provides the results of the mean BLL for the overall individuals studied (except workshop group). Generally, BLLs exceeded the limit of quantification, with a mean of 10.7 (SD = 3.2) μg/dL. In terms of geographic area, the risk of lead toxicity was the highest in Manshyat Naser district (Group II) and the lowest in the Old Cairo district (Group I) with a mean of \[15.8 (SD = 4.4) vs. 5.6 (SD = 1.8) μg/dL, respectively\].

###### 

Mean Blood Lead Level (μg/dL) in a Representative Sample of Cairo (Old Cairo District, Manshyat Nasser District, Urban and Suburban School Children)

![](medi-95-e2976-g002)

After stratification according to sex, age, residential duration, smoking habits of children\'s fathers, and outdoors playing activities, children of smoking fathers were more likely to have a higher mean BLL (*P* = 0.001) than those whose fathers were not smoking. Housing conditions (painting age and painting status) (Table [1](#T1){ref-type="table"}), playing outdoors, and duration of exposure to lead in residential areas were positively correlated with high BLL (*P* \<0.05) (Table [2](#T2){ref-type="table"}). Though males were more likely to have a higher BLL than females \[10.9 (SD = 3.3) vs.10.4 (SD = 3)\], yet this was not statistically significant (*P* = 0.1) (Table [2](#T2){ref-type="table"}).

The mean values of hemoglobin (Hb%) were inversely correlated with BLLs in the 1st 3 groups, particularly Group II. A total of 113 children had BLLs in the range 10 to 20 μg/dL. Only 5.3% (n = 16) of the study population had BLL ≥20 μg/dL. All of them were extracted from Manshyat Naser district (Table [3](#T3){ref-type="table"}).

###### 

Mean Values of Hb in Relation to Blood Lead Levels in a Representative Sample of Cairo (Old Cairo District, Manshyat Nasser District, Urban and Suburban School Children)
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Table [4](#T4){ref-type="table"} presents the analysis of blood samples collected from children working in 6 different occupations. Those involved in pottery workshops had the highest BLLs and the lowest Hb values with a mean of (43.3 μg/dL and 8.6 g/dL, respectively). The least BLL value in this group was those for children working in garbage collection with a mean of 30.9 (SD = 2.5) μg/dL.

###### 

Mean Blood Lead Levels and Hemoglobin (Hb) in Working Participants
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The mean lead levels in samples collected in the environment of the 1st 3 groups are presented in Table [5](#T5){ref-type="table"}. Overall, results of lead measured in potential local sources, such as paints and relevant media: water, soil, and dust were within the recommended WHO threshold values. Although the mean environmental lead levels in water, dust, and soil samples were higher in Manshyat Naser (Group II) than other groups, yet this difference was not statistically significant. Also, the mean lead levels in the soil samples were significantly higher in urban schools \[72.7 (± 10.5) μg/dL, *P* \<0.001\] than the other groups (Table [5](#T5){ref-type="table"}).

###### 

Mean Concentration of Environmental Lead Measured in Different Media of Investigated Study Sites
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Table [6](#T6){ref-type="table"} shows the distribution of environmental lead in different workshop areas. The lead concentration in environmental samples of most of these areas exceeded the WHO recommended limits.^[@R16]^ The highest degree of air and soil pollution was detected in the city of Helwan (industrial area) with a mean of \[4.2 (SD = 1.3) μg/m^3^, 448.5 (SD = 29.7) μg/g\]. The mean lead content in the water samples reached the highest levels in Al-Wayli district (lead smelter area), and the lowest in Al-Basatin district (lime and pottery area) \[6.3 (SD = 0.4) μg/L and 2.5 (SD = 0.4) μg/L, respectively\].

###### 

Mean Distribution of Environmental Lead in Air, Water, and Soil in Workshop Areas
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DISCUSSION
==========

Lead is a common environmental contaminant and its toxic effects are a particular concern for child health.^[@R17]^ Similar to the results of other studies,^[@R18],[@R19]^ more than half of our study children (57.2%) had BLLs ≥10 μg/dL. In our study, the mean BLLs were at least 3-folds higher than those reported in the United States (USA) and most of the European countries.^[@R20],[@R21]^ Similar findings were observed in studies carried out in Egypt^[@R22]^ as well as in Pakistan.^[@R23]^ Another Egyptian study conducted in Sharkya governorate reported higher mean BLLs than our results.^[@R24]^ This difference could be attributed to the condition seen in most developing countries, where implementation of legal restrictions and interventions to minimize lead exposure could not be properly applied.

We also found that the mean BLLs of the workshop group were higher than those reported in similar studies from developing countries such as Lebanon and Pakistan.^[@R25],[@R26]^

Although the mean BLLs in Cairo were not statistically different between sexes, the prevalence of males having an elevated BLL was higher than females. Similar results were seen in studies conducted in Egypt,^[@R18]^ Pakistan,^[@R27]^ Thailand,^[@R28]^ and Bangladesh.^[@R17]^ Traditional male and female roles in our society with increased outdoor activities for boys have been involved in this sex-related difference; however, the exact reason is still not clear.^[@R29]--[@R31]^

Consistent with other studies from Mexico,^[@R32]^ Bangladesh,^[@R33]^ and Russia,^[@R34]^ the present survey also found that the mean BLL was higher in children aged 6 to 11 years than the other age group, though this difference had no statistical significance. Children in this age group are more likely to play outdoors, with increased environmental exposure to lead poisoning, such as automobile exhaust, smoking, and a variety of toys.^[@R35]^

Consistent with previous studies from China ^[@R36]^ and Australia,^[@R37]^ children with smoking fathers were at higher risk of having elevated BLLs than those with nonsmoking fathers. This provides evidence that parental smoking itself may contribute to a child\'s lead burden.^[@R31]^ This highlights the importance of parental awareness of making their homes safe for children.^[@R38]^

The results of this study confirm previous reports that exposure to lead paint is a risk factor for lead poisoning either directly through ingestion of flakes of chipping paint or indirectly through renovation of old homes with subsequent contamination of the surrounding environment.^[@R39]^ Also, we reported significant relation between the BLL and lead pipes in houses (*P* \<0.001). In contrast to previous studies,^[@R6],[@R40]^ we found no relation between mean BLL and the age of the house.

Duration of exposure to lead in a residential area is consistently found to be a strong predictor of high BLLs,^[@R27],[@R41],[@R42]^ a finding reported in this study. This reflects contamination of the environment by lead and its compounds from nearby industrial and occupational sources.

Several previous studies have found that anemia is associated with increased risk of high BLLs,^[@R18],[@R19],[@R43]^ a finding reproduced in our study. However, Froom et al as well as other studies found no significant correlation between anemia and elevated BLLs.^[@R18],[@R44]^

The industrial areas and garbage city (Manshyat Naser) of Cairo were identified as the worst affected areas among the study population. Similar findings were observed in a study carried out in Greater Cairo, Egypt^[@R22]^ as well as in studies conducted in some developing countries.^[@R17]^

We found a significant difference in mean BLLs between urban and suburban school children, indicating that the urban environmental pollution is a major risk factor for lead poisoning. A previous Egyptian study found children living in Alexandria city (an urban area) had a significantly higher mean BLL relative to those living in Kafr Al-Sheikh (a suburban and rural area), with a higher proportion of children in Alexandria having BLLs \>20 μgLdL than Kafr Al-Sheikh (56.7% vs. 6.7%), respectively.^[@R45]^ Cairo, with a fleet of more than a million vehicles circulating on its streets, industrial activity of the Cairo city, and its encompassing urban areas and resuspension of street lead bearing dust were imperative sources of lead contamination.^[@R41]^

In our study, 100% of all workshop children had BLLs above the reference value of 5 μg/dL.^[@R8]^ Children working in pottery production were the main victims. Our findings are consistent with the results of a study in Equador, where the mean BLLs for children working in the ceramic tile industry were 70 μg/dL.^[@R46]^ Children in the pottery industry are potentially exposed to lead when the molded-clay items are glazed with lead salts and the ceramics are fired in furnaces with subsequent saturating the neighborhood air with dust and fumes.^[@R46]^ A study in Alexandria, Egypt, reported a higher risk of lead toxicity among children working in battery workshops.^[@R47]^ Another study from India reported blood lead concentrations of 24.3 to 62.4 μg/dL among those who worked as car mechanics.^[@R48]^ Moreover, a study conducted in a ship repair yard reported a mean BLL of 26 μg/dL among painters, fitters, and other ship repair workers.^[@R49]^ Children engaged in these activities are also at risk of nutritional deficiencies, which enhance the adverse effects and increase the absorption of lead.^[@R50]^ Furthermore, our results support the fact that children working at waste disposal sites face many health hazards and risks.^[@R51]^ A Nicaraguan study reported higher BLLs in working children compared with the nonworking groups.^[@R52]^ These findings highlight the demand for policy development and the implementation of more rigorous health and safety standards in such workplaces.

Because there is a lack of distinction between toxic lead exposure of children at home, work, and external environment,^[@R53]^ it should be emphasized that we could not establish the actual source of lead in the 1st 3 groups; where the measured lead levels in environmental samples did not exceed the maximum permissible WHO values. However, our study had shown significant exposure to high levels of lead in all environmental samples of workshop areas, especially in residential--industrial regions. Studies from Egypt,^[@R54]^ Bangladesh,^[@R17]^ and China ^[@R55]^ found similar results.

These findings are an important reminder that health authorities should investigate local occupational hygiene infrastructures, sanitary facilities, and practices that could reduce exposures in children to lead as well as to many other contaminants.

IMPLICATIONS
============

Lowering the childhood lead exposure should be an important public health objective and a priority in Egypt. This study reinforced the severity of the problem of lead poisoning in Egyptian children. Although the removal of children from occupational exposure to lead is the cornerstone in management, however, low socioeconomic status and poverty as well as weak enforcement of the current Child\'s Laws in Egypt are barriers that limit the achievement of such a goal.^[@R56]^ Thus, measurements to recognize, control, and possibly remove environmental sources of lead will be very effective in minimizing exposure to lead, particularly with recurrent downward adjustment of "safe" thresholds of BLLs.^[@R57]^ There is a lot to be done in terms of control to reduce children\'s exposure to lead such as promoting the use of unleaded petrol all over Egyptian governorates, removal of lead from paint, strict implementation of environmental laws, rigorous examination and approval of food and packaged goods, including toys containing lead, health education, and promotion. Moreover, early blood lead screening of children in heavily lead polluted areas helps to identify asymptomatic children with elevated BLLs who would benefit from further intervention.^[@R58]^

LIMITATION
==========

To interpret the study results, we should mention some of its limitations.

One of the limitations was nonrandom sampling design which is subject to potential weakness of bias. Moreover, the sample may not be sufficient to interpret the real extent of the problem in Egypt; as all subjects were allocated from 1 governorate. However, the study population was chosen to reflect the majority of Egyptian children aged 6 to 18 years. The lead concentrations were measured only once, making it hard to think about the extent to which our results reflect the circumstances of lead exposure throughout the entire time of childhood period. We did not assess the levels of other environmental pollutants, for example, mercury, cadmium, which may act synergistically to enhance lead toxicity. Furthermore, we were restricted in our ability to assess how childhood exposure, particularly occupational exposure, to lead and/or other toxic elements/compounds could affect the status of essential elements and/or vitamins resulting in their deficiency. Finally, our study was a relatively small study; thus, a larger study is needed to verify our results.

CONCLUSION
==========

On the basis of the findings of this study, we need to promote lead regulatory strategies to reduce lead emissions from numerous lead-related industries. Implementation of standardized lead screening program for children, especially those living in lead-contaminated area, should be done. Establishment of mass lead education that targets public health authorities, pediatricians, as well as parents to increase the awareness of the problem and altering the attitudes related to prevention.
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